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Ms. 5052
SOMR THERMODINAMIC PROPERTIES OF NITRIC OXIDE

Jo. B. mf‘u, W. G. &mm‘r, and B. ~1’10 Sage
California Institute of Iechnology
Pasadens, California
ABSTRACT

Nitric oxide is an importent component of many process gases and
a knowledge of the heat and work associated with changes in the state
of this compound is of industrial interest.  Ffor this reason the ther-
modyuld.c properties were established from available wolumetric and
spectroscopic data.

The thermodynamic properties of nitric oxide were computed by ap-
plication of the Benedict equation of state and isobaric hest capacities
at infinite sttenmuation for temueratures from -80° to 220°F. and for
pressures up to 3000 pounds per square inch. Coefficients for the
Benedict equation of state were established from available experimental
information concerning ths volumetric behavior of nitric oxide. The
heat capacity was obtained from published spectroscopic measurements.
Spacific vslues of the volume, enthalpy, entropy, and fugacity were .
calculated for 27 different pressures at esch of 11 temperatures.

The results obtained established the thermodymamic properties of
nitric oxide throughout the renge of temperatures and pressures of pri-
mary industrial interest. A sufficient number of states has been in-
cluded in the tabulation that four point linear interpolation may bte
used for many applicstions. Extension of the tabulation to higher

temperatures was precluded by lack of experimental data.

(This abstract is intended for publication in & seperate section of the
jonrnll).
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The thermdynmf.c properties of nitric oxide have not been determined
in detail. Briner and coworkers (3) investigated the volumetric behavior
at pressures from LS50 to 2200 pounds per square inch in the temperature
interval between -109° and L48° F» In addition, measurements were recently
completed at pressures up to 2500 pounds per square inch for temperatures
between L0° and 220° . (5). These data were ia good agreement with de-
terminations of the second virisl coefficient made by Johnston and Weimer
(7)at temperaturee between ~243° and 70° F.

The heat capacity of nitric oxide was calculated by Witmer (11)
from spectroscopic measurements of Jenkins, Barton, and Mullikin (§).
Spencer (1)) proposed an analytical expression for the heat cspacity but
it appears to deviate markedly from Witmer's values and for this reason
was not used in the present calcnlationa.. |

The above mentioned volumeuric data served as the basis for the eval-
uation of the coefficlents of the equation of state proposed by Benedict,
Webb, and Rubin (1,2), hereinafter referred to as the Benediot equation.
“gthods devised by Brough () with the modificaiions suggested by Selleck
_(21 were eomployed. These methods involved the application of least
squares techniques to the estimition of the coefficients ylelding the
minimum standard error of estimate. Experience has indicated that the
Benedict equation, when used with coefficients established by the methods
of Brough (4) and Selleck (2), does not necessarily give a satisfactory
description of the volumetric bshavior of a pure substance beyond the
ranges of pressure and temperature for which the coefficients were es-

tablished.
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In the present instance :oefficisents of vhe equation of state were
based upon volumetric measure tents made by Biiner ( 2) and those recsrtiy
reported by Oolding (5). The duta of Briner do not agree with the mcre
recent measurements at temper.tures in the neignborhood of 4I°F. For
this reason the results from the former set (. measurements at tempera-
tures above -U0° F. have been omitted. The experimental date which were
used in evaluating the coeffi:ients have been indicated in Figure 1 to-
gether with isotherms from th: Benedict equation based upon the coefficient
recorded in Table I. A value of the wuniversal gas constant of 10.731L7
(cu. ft./1b. mole) (1b./sqe 1ich)/°R. or 1.98588 B.t.u./(1lb. mole)/°R.
vas employed in the caleculatisns. A series of sets of coefticients, such
as that shown in Table I, may be obtained for mitric oxide based upon the
data of Figure 1l using differ:nt values of _7: o Values of Z be-
tween zero and ten (cu. ft./1>. mole)? yield roughly eqal deviations
from the experimental data (3,5). This behavior is similar to that found
for the lighter hydrocarbons .8). The valus of 7)~ was taken as 0.5
(cu. ft./1b. mole)2 because it gave near the minimum standsrd error of
estimate for velues of __2: »etween zero and ten.

The coefficients recorded in Table I describe the volumetric be-
havior of nitric oxide from timperatures of -100° to 220° F. for pres-
sures up to 3000 pounds per sjuare inch with a standard error of esti-

- mate of 0,70LS8 in the compressibility factor. Ihis measure of disarree-
ment ascribes all the error t> the pressure and assumes agreement wi:h
respect to volume and tempers:ure. [hese coefficients do not descrive
adequately the behsvior of ni:ric oxide in the heteroganeous or critical
regions. At temperatures of 100° and 200° R. marked disagreement from

the estimuted beh:svior of thi; compound results from the use of
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the coefficients listed in Table I.

The expressions for enthalpy, entropy, ard fugacity were com-
bined with the relationships for pressure and the iaochoric pressure-
temperature derivative shown in the first part of Table II in order to
obtain desired numerical values of the thermodynamic properties. These
calculations were carried out for pressures up to 3000 pournds per square
inch at 11 tempersatures between -80° and 220° F. The resulting values
of volume, enthalpy, entropy, and fugscity which were obtained are re-
corded in Table III. The values of enthalpy and entropy have been car-
ried to one more significant figure than is Justified by the accuracy of
the data so that the differences between these quantities for adjacent
states might be established with reasomable precision. The heat ocapacity
at infinite attenuation which is shown in Figure 2 was based on the cal-
culations of Witmer (ll). In addition, the values of the heat capacity
at higher pressures have been included. Thoae data have been established
by differentiation of the enthalpy function shown in Table II at constant
pressure.

Figure 3 is an enthelpy-pressure diagresm for nitric oxide. Ilemper-
ature and entropy have been included as parameters. A temperalure-entropy
diagram is shown in Figure L with volume, enthalpy, and pressure as par- :
ameters. These two diagrams permit most of the thermodynamic processes

of industrial interest to be followed with reasonatle accuracy.® Figure

< et

S depicts the compressibility factor as a function of pressure with temp-
erature and entropy as parameters. This diagram when used with the foi-

lowing axpression allows more accurate estimation of specific volume tuan

is possible from Figures 3 and L.

% Replicas of these diagrams, approximately 84 inches by 1l inchee, may
be obtained from ths authors for the cost of duplication.

G i o
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However, it is not possible to follow isochoric processes directly upon
Figure S.

Ihe data of Table III and Figures 3, 4, and 5 were based on a ref-
erence state for the enthalpy and entropy at a temperature ol absolute
zero and a pressure of one atmosphers. This basis corresponds to tae
convention adopted by Rossini (g) and afforde a convanient reference tor
the enthalpy and entropy. Uncertainties in the heat capacities batween
absolute zero and the lowest tempirature in the tables do rot introduce
errors in the use of t.t\xa tabular information since the reference states
may be chosen arbitrarily. It is believed that the values of pressure,
volume, enthalpy, entropy, and fuzacity are self-consistent with a stand-
ard deviation of not more than 0.1%. However, values or the enthalpy,
entropy, and specific volume as &¢ function oi state may involve a ctandard
deviation as large as 0.8% as a r3sult of uncertainties in the experimer-
tal values of the heat capacity end specific volume.

-The self-gonsistency of the data was established by applicatinon of

the following expression to a series of random polytropic paths:

JH-TdS +\VdF

(2)

T e b ¢ ——— ;3

fhe relationshiy .f fugacity to -nthalpy and entropy was checked froa

the following trermodynamic rele:icn whicn is anplicable to an isothermal

change of state: 5
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The statistical estimates cf consistency giver above were based upon
these checks. The information oi labla III together with the graphical
presentation in rFigures 3 and L sufficom to establish the thermodynamic
properties of nitric oxide at pressures up to 3000 pounds per square inch
in the temperature interval betwsen -80° and 220° ¥. It is again empha -
sized that the extension of the Benedict equation, based upon the coef-
ficients recorded in Table I, to states beyond those covered by the data
employed in this study may result in calculated values which deviate

markedly from the actual behavior of this compound.
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i Soefficiants in Benedict equation of state

s

L.

K

b gpecific gas constanc

Cp heat capacity at constant pressure, i.t.u./(1b.)(°R.)
d 4ifferential operator

e base of Naperian logarithm

L internal energy, B.t.u./lb.

£ fugacity, lb./sq. irch

H enthalpy, Beto.u./1b.

,é«z_/ natura:. logarithm

M molecurar weight

P absolute pressure, 1v./sc. inch

2. universal gas constaat

s entropy, B.t.u./(1b.)(°R.)

T absolute tem:erzture, °R.

s molel volume, cu. ft./ 1L, mole

v specific volime. cue fi./12-

Z compressibility factor %ﬁér: or j:j%

e par tia’ differential ops:iator

Subscripts Superseript
0 raferance st: te *  yalue of property as

ctate of infinite
1.2 particular siatus ol sys3.en attenuation
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Temperature-Entropy Diagram for Nitric Ox

ide
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TABLE I

COEFFICIENTS OF THE BENEDICT BQUATION OF STATE FOR
THE VOLUMETRIC BEHAVIOR OF NITRIC OXIIE

Coefficient

1630.79
0.156389
335.,287x100
14188.61
2.21283
915. 645x100
0.0512202
0. 5000000

l-% (R fo o i 1o iw |

Units

(1b./sqe in.) (cu. £t.)2 per (1b. mole)®

cu. ft. per 1lb, mole

(1b./sq. in.) (cu. £%.)% (°R.)? per (1b. mole)?
(1b./sq. in.) (ou. £t.)3 per (1b. mole)3

(cu. ft. )2 per (1b. mole)?

(1b./sq. 4n.) (cu. £t.)> (°R.)2 per (1b. mole)>
(cu. £¢.)3 per (b, mole)’

(cu. £t.)? per (1b. mole)?

% These coefficients yield values of the moldl volume.




TABLE 11
ANALYTICAL, EXPRESSIONS FOR THERMODYNAMIC PROPERTIES

T i bBRTFa aax ¢ 7 -
D =‘%'+(BBT*A‘ «?z)vz "'"5""*"92’ +‘F2_«\23 (3*7)6‘ v*
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(;aTV - y + ZZ(EB + 3 ) + .\!/3(!28_1 T.’\L/Zs % i i Z'.?)(" - 'f
v ) v
2P (Cpb) 3\ |
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Sio@ Sﬁ‘[(arviv ' f 7 dT (a*r)v‘”v
Y% 2 v
opy P % hiapy P |
= - - = Cp~ + 1 o A\ '
. T, v g
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i
i
o
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TABLE III ' :
THERMODINAMIC PROPERTIES OF NITRIC OXIDE

Pressure, Volume Enthalpy, Entropy, acity,
. / Sq. In.. Cu. Ft./fb. B.t.u./Ibe B.t.u./(lb,)  Lb./Sq. In.
Absolute (°Rr.)
"800 Fo
10 13.55 93. 7. 1.6197 9.980
14.696 9.21 93.63 1.590 1,652
20 6.76 93.53 1.5735 19.919
k) L.50 93.3 1.5463 29,819
ko 3.37 93.16 1.5270 39,679
50 2.687 92.98 1.5118 L9.Lk99
60 2,235 92.80 1.9k 59.280
80 1.670 92.43 1.4797 78.722
100 1.3% 92.07 14642 98.007
125 1.059 91.60 1,4486 121.89
150 0.87177 91.1h 1.4356 145.52
200 0.6511 90.19 1,348 192,06
300 0.L2ls 88.26 1.3842 282,22
Loo 0. 3110 86.27 1.343 368.53
S00 0.2427 84.22 1. 3425 L4S1.04
600 0.1970 82.09 1.3263 529.T7
800 0.1395 77.60 1.2983 676.09
1250 0.0761 65.99 1.245 952.11 )
1750 0.0435 50.78 1.1910 1177.? :
2000 0.0353 Lk, 32 1.1692 1265.3
2250 0.0306 39.88 1.1535 1343.9

i» i ,i‘ lw&iﬁ“*"”"'“ )



TABLE III (cont.)

Pressure, Volume,
Lb. / 5q. In. . Cu. Ft./l-b.
Absolute

10 14.63
1L.696 9.95
20 Z.gg
k) .
Lo 3.64
50 2.909
&0 2.420
80 1,809
100 1.h43
125 1.150
150 0.9543
2% .56
2 .
300 ' o.hésg
400 0.3433
S00 0.2658
600 0.2208
. 800 0.1594
1000 0.1223
1250 0.0925
1500 0.0725
1750 0.058Y
2000 ~ 0.0482
2250 0.0409

Enthalpy;
B.t.u./Lb.

"500 Fo

100.97
100.90
100.682
100.68
100.53

100, 381
100.23
99.92
99.62
99.24

98.86
98.0%
97.1
96,52
9k.92

93.27
91. 58
88.06
84.33
9.3

73.95
68.24
62,k
57.00

Entr »
B.t. 0. ( Lb. )
(°R

Fugacity,
Lb./Sq. In.

9.985
1k4.663
19.939

8al

39.758

L9.621
59.455
79.030
98,486
122,64

146.60
193.96
20,59
286.47
376.04

L62,68
Su6.L8
705.52
853.46
1023.2

1176.7
13149
1439.3
1552.3




Pressure,
Lb. / Sq. In.
Absolute

10
. 696
20
2
Lo

50
60
80
100
125

150
200
250
300
Loo

500
600

800
1000
1250

1500
1750
2000

2250

Volume,
Cu. Pt./Lb,

15.70
10.68
7.8,
5.22
3.91

3.13

2.601
1.947
1.55L
1.23%9

1.030

0.7675
0.6102
0.5054
0.3743

0.2956
0.24h
0.1775
0.1380
0.1065

0.0895
0.0706
0.0597
0.0515

TABLE III (cont.)

Aininy 4

-200 Fo

108.19
108.13
108.06
107.94
107.81

107.69
107.56
107. 1
107.06
106.75

106.43
105.79
105.15
104, 50
103.17

101.82
100.Lk
97.58
9. 60
90,68

86. 55
82.23
17.81
73.40

Entropy,
B.teu. (Lbo )
(°%.)

1.6553
1.6296
1.6091
1.5821
1.5628

1.5479
1.5356
1.5181
1.5010
1.4857

.47
1.45%
1.k3N1
1.4240
1.4027

1.3857
1.3713
1.3473
1.327
1.3057

1.2863
1,2683
1.2514
1.2356

acity,
Lb./Sq. In.

9.989
14.671
19.954
29.895
39.61

49.708
59.579
79.251
98.830
123.17

147.37
195.33
2.7
289.52
8.5

L71.12
558.57
726,96
886.84
1075.2

1251.2
115.6
1569.5
17k.1

s IAg——




Pressure, Volume,
Lb./Sq. In. Cu. Ft./Lb.
Absolute

10 16,78
1L.696 1.0
20 8.38
ko 5.58
Lo 418
50 .34
60 2,784
80 2.084
100 1.668,
125 1.328
150 1.104
200 0.8843
250 0.6563
300 0.54l3
Loo 0.4okL3
500 0.3204
600 0.2644
800 0.1945
1000 0.1526
1250 0.1191
1500 0.0969
1750 0.0812
2000 0.0697
2250 0.0608

TABLE III (cont.)

Enthalpy,
Boto“./mo

10° F,

115,38
115.32
115.27
115.16
115.06

114,96
114.85
11L.64
114.42
114.16

113,89
113.35
112.81
112,26
ni.as

110.01
108.86
106.49
104.04
100.85

97.55
oh.1k
90.7
87.17

Entropy,
B.t.u./(Lb,)
(°R.)

1.6709
1.6455
1.6249
1.5980
1.5788

1.56%
1.5517
1.5323
1.5172
1.5020

1.L895
1.4696
1.LuS4o
1.4
1.L4203

1.4037
1.3898
1. 3670
1.3482
1.3282

1. 106
1.2946
1.2799
1.2659

Fugacity,
Lb./Sq. In.

9.991
14.677
19.964
29.918
3.853

L9.770
669
79.l1
99.080

123.56

147.93
196, 32
ah.27 -
91, 7
385.42

477.33
567.50
742,83
911.58
113.8

1306.7
191.0
1667.4
1836.8

e s b B e




TABLE III (ocmt,.)

Pressurs, Volume, Enthalpy, Entropy, acity,
Lb. / Sq. In. Cu. Ft./Lb. B.t.u./Ldb. B.t.u./(lb.) Lb./Sq. In.
Absalute o OR.)
4o~ F.
10 17.85 122.5Y4 1.6857 9.993
14.696 12.14 122,50 1,660, 1k, 680
20 8.92 122,45 1.6398 19.97
ko) 5.9L 122,36 1.6129 29.93
Lo L.bLs 122,27 1.5937 39.883
50 3.56 122,18 1.5768 L9.816
60 2,965 122,09 1.5666 59.735
80 2,220 121,91 1.5473 79.530
100 1774 121.73 1.5323 99.265
125 1.1416 121,50 1.5172 123.85
150 1.178 121.27 1.5048 148. 35
200 0. 8804 120,82 1.4851 197.07
250 0.7017 120.35 1.4696 2h5.Lub
300 0.5826 119.88 1.4569 293.4L
Loo 0.4338 118,93 14364 388.11
500 0.3445 117.97 1.4202 L82.02
600 0.2850 116,99 1.4067 S7k.25
800 0.2107 115.00 1.3846 75%4.83
1000 0.1662 112.94 1.3666 930.32
1250 0.1308 110,29 1077 1143.1
1500 0.1073 107.57 1.3313 1348.9
1750 0.0907 104.79 1.66 15468, 3
2000 0.0784 101,98 1.3032 17h2.1
2250 0.0690 99.15 1.2907 1930.7




TABLE III (cont.)

Pressure Volume, Enthalpy, Entropy, acity,
Lb. / 3q. In. Cu. Ftu/Lbo B-t.n.ﬂg. Beteuezy- ) Lb. Sq. In.
Absolute o (° R.)
70° F,
10 18.93 129.70 1.6998 9.994
14.696 12.88 129.66 1.6742 14.683
20 9.46 129,62 1.65% 19.977
ko) 6.30 129,55 1,6268 29.947
Lo L.73 129.47 1.6078 39.905
50 3.78 129,39 1.5929 L9.852
60 3.15 129.32 1.5807 59.786
80 2,357 129.15 1.5614 79.620
100 1. 883 . 126.98 leg-l&‘ 990'408
125 1.504 128,80 1.53L 124.07
150 1,252 128.60 1.5191 148,67
200 0.9361 128.20 1.4995 197.64
250 0.7L67 127.80 1.48la 246, 33
00 0,6205 127.40 ©l.4718 294,73
Loo 0.4626 1%.58 1.L4513 390.72
500 0.3681 125.75 1.4353 485,60
600 0, 3051 124.91 1l.h22a ST9.Ll
800 0.2264 123.21 1.4005 764,06
1000 0.1793 122,46 1.3632 9Lk.82
1250 o.1a8 119.23 1.3651 1165.7
1500 0.,1170 116,95 . 1.3495 1381.5
1750 0.0995 114.64 1.3358 1592.6
2000 0,084, 112,30 1.3233 1799.8
2250 0.0765 109.97 1.118 2003,5
2750 0.0523 105. 38 1.2911 24,03.1
3000 0.0572 103.17 1,2617 2600,0




Pressure, Volume,
Ib. / Sq. In. Cu. Fto/Lb.
Absolute

10 20,01
lho $6 1 30 61
20 10,00
30 6.66
Lo 5.00
50 3.99
60 3.33
80 2.492

100 1,992

125 1.591

150 1.325

200 0.9912

250 0.7912

300 0.6578

400 0.4912

500 0.3913

600 0.32147

800 0.2417

1000 0.1920
1250 0.1524
1500 0.1263
1750 0.1077
2000 0.0940
2250 0.0834
2500 0.0751
2750 0.,0684
3000 0.0629

TABLE III (econt.)

Bnthalpy,
B.t.u./Lb.

100° F.

136.84
136,681
136,78
136,72
136.65

136,58
136,51
136.37
136,23
136.05

135.89
135.53
135.18
134.83
13.13

133.41
132.68
13.21
129,72
127.81

125,87
123,92
121,96
120.01
118,07

116,17
1.3

/(b
Betous/(Lbe
A

1.727
1.6873
1.6670
1.6401
1.6209

1.60601
1.59%
1.5747
1.5597
1. 5U47

1.532k
1.5129
1.L977
1.4852
1.L4652

1.Ll9k
1.4363
1.4152
1.3984
1.3808

1. 3659
1.3528
1.3u10
1.3%02
1.3202

1.3109
1.30a

acity,
Lb./Sq. In.

9.995
14,686
19.961
29.958
39.923

49.861
59,828
79.693
99.520
124,25

148,92
198.09
247.03
295.Th
392.51

4,88.L0
583.L6
1725
956,02
1183.3

1406.8
1627.2
1804.9
2060.4
227h.L

2487.3
2699.5

o



TABLE III (cont.)
Preasure, Volume, Enthal py, Entrery, Fugacity,
Ib. / Sqe In. Cu. Pto/Lb. B.t.u./Lb.  Bot.u./(In.) Lbe/Sq. In.
Absolute (°R.)
130° F.

10 21,08 143.99 1.7253 9.996

14.696 .30 143.96 1.6999 14.688

20 10.54 143.93 1.6T94 19.985

30 7.02 143.87 1.6524 29,965

Lo 5.26 143.81 1.633 39.937

50 k.21 143.75 1.6185 49.902

é0 3.5 1L3.69 1.606L 59.858

80 2.628 143.57 1.5872 79,748
100 2.101 143.45 1.5723 99.606
125 1,679 143.30 1,5973 124,39
150 1.398 143.15 1.5L50 149.12
200 1.046 142,84 1.5256 198.LL
250 0.8355 1U42.53 1.5104 247.57
300 0.6950 142,22 1.4980 296.53
Loo 0.5195 1l1.60 1.4781 393.90
500 0.L4142 140.98 1.L4625 490.60
600 0.3 140. 34 1.LL96 586,65
800 . 02966 139.06 1.4289 776.88
1000 0.2043 137.77 1.4123 964.68
1250 0.16p7 136,12 1.3953 1197.2
1500 0.1351 134.47 1.3809 1426.9
1750 0.1156 132.80 1. 3682 1654.5
2000 0.1011 13.1k 1.3569 1880.L4
2250 0.0900 129.49 1, o7 205.4
2500 0,0812 127.85 1.3372 2329.7
2750 0,071 126,25 1,328 2553.8

3000 0,0682 124,68 1.3202 2778.3




Pressure, Volume,
Ib. / Sq. In. Cu. Ft./Lb.
Absolute

10 22,16
14.696 15.07
20 11.07
ko) 7.38
Lo 5.53
50 L.l3
60 3.69
8o 2.763
100 2.209
125 1.766
150 1.470
200 1,101
250 0.879%
300 0.728
40O 0.5475
500 0.4369
600 0.3632
800 0.2713
1000 0.2164
1250 0.1727
1500 0.1437
1750 0.1232
2000 0.1079
2250 0.0962
2500 0.0869
2750 0.079L
3000 0.0733

TABLE III, (cont.)

Enthalpy,
B.t.u./Lb.

160° F.

151.13
151.11
151.08
151.03
150.98

150,92
150.87
150.76
150,65
150.52

150.38
150.11
149.84
149.56
1L9.02

148.47
147.92
1L46.80
145.67
k.2

142.81
141.38
139.96
138.55
137.16

135.80
13,47

Entropy,
B.t.u. (Lbo )
%R

1.7372
1.7115
1.6
1.6641
1.6u51

1.6302
1681
1.5989
1.58L0
1.5691

1.5569
1.5375
1.5224
1.5100
1.4903

1.L7L8
1.4620
1.L416
1.4253
1.4086

1.3945
1.36823
1.3714
1. 3615
1.3525

1,341
1.3362

acity,
Lb./8q. In.

9.997
1L.689
19.987
29,971
39.948

L9.918
59,882
79.790
99.674
124.L9

149.27
198,72
248,01
297.16
395.02

Lg2.3u
569.17
761.37
972,01
1208.3

1442.8
1676.2
1908,7
al.)
2373.6

2606.8
28l1.1




TABLE III (cont.)
Pressure, Volune, Enthalpy, Entrony, acity,
Lb. / Sq. In. Cu. Ft./Lb. B.t.u./Lb. B.t.u?%b. Lb./Sq. In.
Absolute o (OR.)
190 P,

10 23,23 158.27 1.7483 9.998

lho @6 lsc 80 158. 25 1. 7225 mt @1

20 11.4 158.23 1.7021 19.990

k) 7.74 158.18 1.6752 29.976

Lo 5.80 158.13 1.6562 39.957

50 Le.6l 158,08 1.643 49.933

60 3.87 158.03 1.6292 59.90L

80 2.898 157.94 1.6100 79.828

100 2.7 157.84 1.5952 99.733

125 '1.852 157.72 1.5802 124.58 |
150 1.543 157.60 1.5660 w940 i
200 1,156 157.37 1.5487 198,95 |
250 0.9236 157.13 1.5337 248, 37 |
300 0.7687 156,88 l.5213 297.67 - ;
100 0.5754 156.40 1.5017 395.95 ;
500 0.4595 155.92 1.4863 L93.78 :
600 0. 3822 155.42 14737 591.23

800 0.2859 154. 4l 1.L53 785.05
1000 0.2283 153.45 1.4373 977.71
1250 0.1824 152.21 1.4209 1217.2
1500 0.1520 150.97 1.4072 1455.7
1750 0.1305 149.73 1.3952 1693.7
2000 0.1145 146,51 1.3847 1911.5
2250 0.1022 147.30 1.375 269.8
2500 0.0925 146,12 1. 3664 24,08.9
2750 0.0846 1U4.96 1.3583 2649.4
3000 0.0781 143.82 1. 3508 2091.4 :




TABLE III (cont.)
Pressure, Volume, Enthalpy, Entvopy, Fugacity,
wo. / Sq. In. Cu. Fb./Lb.  Bet.u./Lb. n.t..u?%.b.) Lb./Sq In.
Absolute o ("R.)
220" F.

10 24.30 165.42 1.7586 9.998

14,696 16.53 165.39 1.7329 14.691

20 12,15 165,37 1.7127 19.991

0 8,10 165.32 1.6857 29.979

Lo 6,07 165.28 1.6666 39.963
.50 4.85 165.2k 1.6519 49.9u2

60 4.05 165.20 1.6%7 59.918

80 3.03 165.11 1.6206 79.855
100 2,425 165.03 1.6057 99.776
125 1.93% 164.92 1.5908 12k.65

150 1.615 164.81 1.5786 149.501
200 1.210 164.60 1.5594 199.12

250 0.9672 164.39 1.54L3 248.64 |
00 0.8053 164.17 1.5320 298,08

400 0.6030 163.7h 1.5125 396,67

500 0.4818 163. 31 1.L972 L9L.93

600 0.4010 162.88 1.48L46 592,87
1000 0.2400 161.13 1.4486 982,32
1250 0.1920 160.05 1.4325 1224.3
1500 0.1602 158,97 1.4189 1466.0 g
1750 0.1377 157.90 1.4073 1707.7 ,
2000 0.1210 156.84 1.3969 1949.8
2250 0.1080 155.61 1.3877 2192.9
2500 0.0978 154.80 1. 3792 2437.3
2750 0.,0896 153.680 1.373 2683.4
3000 0.0828 152.84 1.3611 2931.8




